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INTRODUCTION
With advances in satellite, airborne and ground based remote sensing, reflectance data are increasingly being used in agriculture. It's a valuable tool in evaluation, monitoring and management of land, water, crop resources and plant stress detection. One of the important types of the plant stressors is the heavy metals. Some of these heavy metals such as Cu, Fe, Zn and Mg are essential elements for plant and play important roles in many physiological processes like metabolism, growth and development. Upon literature survey, we found scientific reviews that examine the effect of heavy metals on plant growth and function [4 and 1] . The trace metals exerting toxic effects on plants have been studied for over a century by now but there remains confusion within the literature with regards to their concentrations as micronutrients and as components inducing phytotoxic effects. Nevertheless, many problems arise when cells intake an excess of these essential elements or other heavy metals such as arsenic and lead, which are not known to have any essential functions, but are toxic and cause damages to living organisms. Excessive heavy metals in plants adversely affect plant growth and development [15] . The essential heavy metals (Cu, Zn, Fe, Mn and Mo) play biochemical and physiological functions in plants and animals. Two major functions of essential heavy metals are the following: (a) Participation in redox reaction, and (b) Direct participation, being an integral part of several enzymes [11] . Copper is an essential heavy metal for higher plants and algae, particularly for photosynthesis [10 and 2] . The inorganic and organic fertilizers (Fertilizer is a substance added to soil to improve plants growth and yield.) are the most important sources of heavy metals to agricultural soil include liming, sewage sludge, irrigation waters and pesticides, sources of heavy metals in the agricultural soils . Waste water also contains heavy metal and when it is applied to crops, it can cause threat to soil and plants growing in that soil. Generally, heavy metals cannot be removed completely from waste water and when they enter into the soil, it will interfere with the plant roots and tissues, when these plants are eaten by animals or humans they will enter into food chain [8] . Healthy plants, those capable of maximum growth, are generally expected to have higher chlorophyll pigment concentrations than unhealthy plants. Reduced chlorophyll concentrations are often associated with stressed plants, with variations in total chlorophyll to carotenoid ratios used as stress indicators [9] . Various metal treatments have a negative effect on photosynthetic pigments such as chlorophyll-a, chlorophyll-b and total chlorophyll contents of plants where the photosynthetic pigments decreased with increasing heavy metals level in the soil [5] . The relationships between Zn concentration and the visible-near infrared spectrum of Triticum aestivum L. were studied by [3] and they found that, the pigment reduced with the increased concentration of Zn in Triticum aestivum L. Corresponding change in visible/near-infrared reflectance spectra of vegetation was observed. The reflectance spectra increased in the visible light region and the strength of blue shift of the red edge. [12] , studied the changes in leaf reflectance spectra (350-2500 nm) due to metal phytoextraction (Cd, Pb, As and their metal-mixture treatments) into barley plants grown in pots. The results demonstrate the potential use of hyperspectral reflectance data to monitor plant health during phytoremediation process. [13] studied the performance of multivariate vegetation indices of rice in estimating the agriculture soil arsenic content and there results indicated that the three -band VIs might be recommended as an indicator for estimating soil arsenic content.
The present experiment was designed to investigate the possibility of using hyperspectral data for detecting Cu and Zn accumulation in plant dry mutter at different growth stages and the accumulation in wheat grains under Copper and Zinc stress. The effect of Cu and Zn was monitored, using irrigation water containing Cu and Zn singly and in combination, to investigate: (i) the effect of the interaction between Zn and Cu on wheat plants; (ii) which VIs are more sensitive to use for detecting the accumulation of these elements. The experiment was conducted using pots (28 cm diameter -10 L volume) and 25 garden trays (120 cm * 55 cm). A total of 100 pots were planted using a planting (growing) media (black peat moss and perlite (1:1)) in a greenhouse. The pots were located inside the trays for caching the extra nutrient solution. Five concentrations of both copper (0.02, 8, 10, 12 and 15 ppm) and Zinc (0.05, 20, 40, 100 and 150 ppm) were used. Different treatments of both elements including 25 treatments were applied to study the ability of using the spectral measurement for predicting the accumulation of the both elements in the plant dry matter and the grain yield. Hoagland nutrient solution was used as a nutrient solution for the control treatment [14] and another 24 solutions were prepared for the micronutrient with different concentrations of Zn and Cu. The plant samples were collected 4 times during the growing season (At tillering, Inflorescence, flowering and milk development stages). The fresh weight of shoots and leaves were recorded. Subsequently, the plant matter was oven-dried at 70 °C for 48 hours until constant weight, to obtain the dry weight (DW).
MATERIALS AND METHODS

Plant material and experimental design
Measurements and data analysis Analytical determinations of metals
Dry plant material and grains were ground to a fine powder and digested in a microwave with concentrated nitric acid. The metal concentrations were measured using Inductively Coupled Plasma optical emission spectrometry (ICP-OES). Canopy hyperspectral reflectance data An ASD Field Spec Pro spectroradiometer from Analytical Spectral Devices Inc. (Boulder, Co 80301 USA) was used to measure reflectance from plant canopies at a specific height from the plant canopy using artificial illumination. The reflectance measurements were made in a darkroom to avoid changing light intensity from solar radiation and to have a constant light incident on the plant canopy. This instrument can detect reflected light from the canopy ranging from 325 nm to 1075 nm, covering the visible near infrared (VNIR) portion of the magnetic spectrum. Each reflectance spectrum was the average of a number of scans (which was adjusted and calculated by the spectroradiometer). The spectral measurements were collected at various growth stages (At tillering, Inflorescence, flowering and milk development stages)). Hyperspectral VIs Vegetation indices were calculated by combining specific reflectance values along spectral signature. The most represented vegetation indexes were selected to detect differences in the reflectance between healthy (The control treatment) and stressed vegetation in visible and red-edge spectral regions. The VIs for different growing stages were calculated. The considered VIs in this study indicated by (Changwei Tan, et al., 2013) and listed in appendix (1). Calculations and statistical analysisThe chlorophyll concentration was calculated from the SPAD-502 chlorophyll readings (Wood, Reeves, and Himelrick, 1993), using the following equation:
Where y is the chlorophyll concentration and x is the SPAD-502 chlorophyll readings (µg.cm-2).
Leaf area index (LAI)
Calculated as a ratio of leaf surface area and the occupied land area of this plant (Elmetwalli, 2008) .
Statistical analysis
Statistical analysis of spectral and chemical data was performed using R software and reported at (P < 0.05) significance level. Mean and standard deviation (± SD) were computed for all data. Data were statistically tested for significant effects through correlation, linear regression, and multiple regression analysis. Correlation coefficient (Pearson's "r") between spectral variables was computed.
RESULTS AND DISCUSSIONS (1)Metal accumulation into the plant dry matter
Results of chemical analysis for Zinc and Copper concentration in plant samples at different four dates under different treatments illustrated in Fig (1 a) . The results shows a high positive correlation between the amount of Zn in plant dry matter and the add concentration in irrigation water at different stages (0.85, 0.89, 0.95, and 0.98) with high significant level (P-value < 0.001) as shown in table (1). The increasing of Cu level increased the Zn accumulation in to the plants, while the higher level of Zn decreased Cu uptake. High zinc concentrations facilitated copper uptake by the roots but reduced its transfer to the aboveground organs [7] , as shown in Fig.  (1 b) . The Copper concentration in irrigation water has insignificant effect at significant level Pvalue <0.001 on the dry matter Cu content but it has a significant positive effect at P-value < 0.01we can observe that from R 2 (0.16, 0.17, and 0.15) and P-values < 0.01 at Tillering, Inflorescence, and Milk development stages respectively as shown in PRINT ISSN 2284-7995, E-ISSN 2285-3952 
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These results confirms the differences in the plant canopy reflectance as a result of plant content of Zinc and Copper. Table 1 . Correlation coefficient, R2, Adj-R2, and Pvalue for the effect of Zinc, Copper and the interaction between the both elements on the dry matter content of Zn and Cu *** A significant effect at P-value < 0.001 ** A significant effect at P-value < 0.01 * A significant effect at P-value < 0.05
Correlation between heavy metal concentrations add in irrigation water and it's concentration in plant dry mutter: To build heavy metal concentration prediction models, the linear regression was used to find the relationships between plant dry mutter content of heavy metals and heavy metal concentrations in irrigation water the results obtained from the testing of the models are displayed in Figure ( 2). The plot of measured plant dry matter content of Copper against predicted Cu concentration and the results obtained from the testing of the models are displayed in Figure ( 3). We were found that the prediction models at different stages predict the dry matter content of Zn with high significant (P-value < 0.001).
The correlation coefficient between the measured Zn concentrations in dry matter and the predicted values was a high positive correlation at different growth stages (0.85, 0.89, 0.96, and 0.98). Figures 4 (a,  b ), 5 (a, b), 6 (a, b) show the highest correlated two-band VIs with the Zn concentration in dry mutter and the statistical models that can be used for detecting the accumulated Zn in plant dry mutter. We can observe that almost two-band VIs a negative correlation with dry mutter Zn content, but this negative relationship starts at late growth stage. The negative correlation started to appear at flowering and milk development stages. The highest correlated two-band VIs were NDVI, SR-680-b, and NPQI. NDVI and SR-680-b had a negative correlation with the Zn accumulation in dry mutter at the flowering and milk development growth stages with high significant level (P-value < 0.001). Fig. 4 (a, b) and Fig. 5 (a, b) show the relationship of plant dry mutter Zn content 
CONCLUSIONS
Results of present study demonstrate that hyperspectral reflectance data, as well as studied VIs appears to have potentials for monitoring the phytoaccumulation of Zn into above-ground parts of wheat. The hyperspectral vegetation indices had insignificant correlation with Zn accumulation in to the grains, but it had a significant negative relationship with Cu concentration in grains with low correlation coefficient values.
